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ABSTRACT 
To date, most environmental reconstructions of lig-
nite bearing formations in western North Dakota have been 
done on a formational scale. The objective of this study 
was to investigate one of the non-lignite intervals, the 
Kinneman Creek Interval, directly above the strati graphi-
cally lowest lignite in the Paleocene Sentinel Butte Forma-
tion. The Kinneman Creek Interval has been recognized in 
the Sentinel Butte Formation throughout most of western 
North Dakota. 
The field area is located in west-central North 
Dakota in Mercer, Oliver, and McLean Counties and is bi-
sected by the Missouri River. Excellent exposures are pro-
vided in the highwalls of Baukol-Noonan, North American, 
and Consolidation Coal Companies surface lignite mines and 
numerous logs are available from test holes drilled by coal 
companies and the North Dakota Geological Survey. 
The Kinneman Creek Interval is a laterally continu-
ous, poorly indurated light bluish gray to yellowish brown 
gray, silt and fine sand unit with associated clay beds. 
The interval dips gently to the west and varies in thick-
ness from s±x to thirty-eight metres. The dominant bed-
forms in the study area are: climbing ripples and rhyth-
mi tes, most commonly found in highwall exposures at Glen-
harold and center; homogeneous sands, found most frequently 
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at Falkirk; and trough shaped ripples and draped bedforms 
found commonly at all three mines. Measurements of paleo-
current direction taken from primary sedimentary structures 
suggest the sediment source for the interval was west and 
northwest of the study area. 
Laboratory analyses were conducted on eleven samples 
from two vertical sections of the Kinneman Creek Interval 
( one from the Glenharold Mine and one from the Falkirk 
Mine). The analyses included determination of 
sand-silt-clay ratios, approximate bulk chemistry using 
scanning electron microprobe techniques, and bulk 
mineralogy using x-ray diffraction techniques. The samples 
suggest grain size is coarsest at the Falkirk Mine. Bulk 
chemical analyses did not reveal any major differences in 
samples. Relative amounts of clay minerals, kaolinite, 
chlorite, and micas were greatest in Glenharold Mine 
samples. The proportion of feldspars was greatest in 
Falkirk Mine samples. 
The interval in the study area has many features 
attributable to a range of environments including fluvial, 
lacustrine and fluvial deltaic. The character of sediments 
and structures at the Falkirk Mine as indicated by test 
holes and highwall exposures, is somewhat different. than 
that of Center and Glenharold Mines. The Kinneman Creek 
Interval in the Falkirk area may have been deposited in a 
ix 
fluvial system while the interval in the Center and Glen-




There are many sand, silt, and clay units inter-
bedded with the lignites of Paleocene Epoch Bullion Creek 
( Clayton et al. 1977) and Sentinel Butte Formations in 
western North Dakota. These interbedded intervals closely 
resemble the classic cyclothemic sequences found in Penn-
sylvanian age rocks of the Illinois Basin. Jacob (1976) 
generally characterized the North Dakota rhythmicaily 
bedded intervals as deposits resulting from a meandering 
fluvial system. Jacob's (1976) conclusions were based on 
observations of outcrops in and around Medora, North Dakota 
and work done by Royse ( 1970) on the sedimentology of the 
Bullion Creek ( formerly the Tongue River) and Sentinel 
Butte Formations. Brekke (1979) investigated the possibil-
ity of using clay mineralogy to distinguish between the 
Sentinel Butte and Bullion creek Formations. Brekke con-
cluded there was little distinction between the clay 
minerals of the two formations and perhaps they represent a 
single depositional episode. Emanuel, Jacob, and Karner 
(1976) characterized the Bullion creek as having higher 
mica-illite group, quartz, and carbonate contents, and the 
Sentinel Butte as having a higher montmorillonite content. 
To date, no work has been done to characterize a specific 
sand, silt, and clay (non-lignitic) interval within 
1 
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rhythmically bedded sequences of the Sentinel Butte and 
Bullion Creek Formations. 
The extent of lignite deposits found in the Bullion 
Creek and Sentinel Butte Formations in western North Dakota 
has been well documented by the North Dakota Geological 
Survey (NDGS) and by various coal companies. The NDGS 
constructed stratigraphic correlations of lignite deposits 
from its own data and from data provided by mining com-
panies (Groenewold et al. 1979). While data are available, 
little work has been done correlating and describing lith-
ologies of non-lignitic intervals interbedded with the 
lignites. 
The objective of this study has been to reconstruct 
the envirorunent of deposition of a non-ligni tic interval. 
Laterally continuous lignites lie above and below the 
Kinneman Creek Interval of Groenewold. et al. (1979), 
serving as excellent marker beds. The Kinneman Creek 
Interval is exposed in the highwalls of surface coal mines 
and was chosen for this study because of the stratigraphic 
control available and excellent exposures. Stratigraphic 
relationships, sedimentology, petrographic features, pri-




The field site for this study is 1n Mercer, Oliver, 
and McLean counties in west central North Dakota (see 
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Figure 1). The area is bisected by the Missouri River from 
northwest to southeast. The Kinneman Creek Interval of the 
sentinel Butte Formation is not exposed at the surface in 
this area, but is exposed in surface mine highwalls. The 
highwalls studied are located in three mines: the Consoli-
dat~on Coal Company's Glenharold Mine, near Stanton, North 
Dakota; the North American coal Company's Falkirk Mine, 
near Underwood, North Dakota; and the Baukol-Noonan Coal 
company's Center Mine, near ,Center, North Dakota (see 
Figure 1) . The field area covered approximately one hun-
dred and eighty-five square miles. 
Geologic setting 
The field area is located in the Williston Basin, a 
major intracratonic structure which actively subsided from 
Middle Ordovician to Tertiary time. The Laramide Orogeny, 
occurred at the end of the Cretaceous Period and resulted 
in highlands to the west. These highlands provided a 
source of sediment fo:i late Cretaceous and early Tertiary 
sediments in the Williston Basin. The Paleocene Age Fort 
Union Group is a series of marine transgressional and 
non-marine lignite-bearing sediments deposited in a rhyth-
mic or cyclic fashion (Royse 1972}. The Fort Union Group 
was influenced by the basinal structure and dips gently 
westward to the center of the basin. 
The Sentinel Butte Formation is the uppermost forma-
tion in the Fort Union Group and conformably overlies the 
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Bullion Creek Formation. The Sentinel Butte was formally 
named and raised to formational status by Royse (1967). It 
is composed of interbedded sand, silt, clay, and lignite, 
ranging in thickness from 100 to 200 metres. Except for 
the thick basal sand and upper sand, the Sentinel Butte 
consists of finely bedded sediments which give it a banded 
appearance. Ironstone concretions are common and are 
concentrated along bedding planes (Carlson 1973). 
Field Work 
Field work began in the summer of 1978. The first 
weeks involved familiarization with the area and general 
geology of the mine highwal ls. Later, five to fifteen 
metre vertical sections of the mine highwall were sketched 
and measured. All accessible highwalls were walked for the 
length of their exposure. Samples were taken of primary 
sedimentary structures, and thin-sectioned for closer 
examination. 
In April 1979, a week was spent at the mines, field 
notes were reevaluated, further observations were made and 
hypotheses were tested. In the Spring of 1980, paleo-
current directions were measured from primary sedimentary 
structures in mine highwalls. 
Kinneman Creek Interval 
The Kinneman Creek Interval has been formally named 
by Groenewold et al. (1979) as the non-lignitic interval 
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directly above the Hagel- Lignite (Groenewold et al. 1979), 
the stratigraphically lowest lignite in the Sentinel Butte 
Formation and directly below the Kinneman Creek Lignite 
(Groenewold et al. 1979) (see Figure 2). In the study area 
east of the Missouri River, the Kinneman Creek has been 
largely eroded by glacial activity. The Kinneman Creek 
crops out in the Fort Mandan Badlands on the Missouri River 
(Hemish 1975), and is exposed in highwalls at the Falkirk 
Mine. In the study area on the west side of the Missouri 
River, the Kinneman Creek is not exposed at the surface 
but, has been exposed by mining in the Glenharold and 
Center Mines. On the west edge of the Missouri River, the 
interval is approximately six to eleven metres (20 to 
35 feet) below land surface, at elevations of 581 to 596 
metres (1900 to 1950 feet) above sea level. The unit dips 
gently to the west and on the western edge of the area is 
approximately forty-five to sixty metres (150 to 200 feet) 
below land surface at elevations of 550 to 560 metres (1800 
to 1850 feet) above sea level. 
Lithology 
The Kinneman Creek Interval varies in thickness from 
six to thirty-eight metres, and is composed primarily of 
fine to medium sands, sandy silts, and clays. The interval 
is a laterally continuous, poorly indurated, light bluish 
gray to yellowish brown gray silt and fine sand with 
associated clay beds. 
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shaped ripples; ungraded, unlaminated sand beds, hereafter 
referred to as homogeneous sands; and draped bedforms. 
Non-horizontal, organic rich stringers are common in the 
homogeneous sands. Sediment loading features and small 
scale ~ntraclasts are present. Mudcracks, paleosols, 
bioturbated sediments and dewatering structures are not 
observed in any highwall exposures. The only fossils seen 
were leaf fragments found on clay partings in all three 
mines, 1.hree pods, fruit of Cercidiphyllum arcticum, in the 
lower sands of the interval at Falkirk, and a gastropod 
found by Falkirk Mine Geologist P. West. 
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Fig. 3. The Kinneman Creek Interval at the 
Mine. Note the lateral continuity of the beds. 
looking west. Lower lignite in foreground is 







The Falkirk Mine 
At the Falkirk Mine, sediments of the Kinneman Creek 
Interval directly overlying the Hagel Lignite are in a 
gradational sequence: clayey lignite, lignitic clay, clay. 
This sequence varies in thickness from five to fifty centi-
metres, but is generally thin. Where it contains no 
organic material, the clay is bluish gray in color. Where 
there is abundant organic material combined with clay, the 
interval is grayish brown to black in color. Most of the 
organic material is unidentifiable, but some leaf fragments 
and whole leaves are preserved in clay partings. Euhedral 
gypsum crystals are common in the lignites and overlying 
clay beds. Crystals are found along fracture zones in the 
lignites and clay; and along horizontal partings in the 
clay. These crystals are thought to be secondary in 
nature, resulting from precipitation by ground water (Moran 
et al . 1978) . 
An upright, ligni ti zed tree trunk was observed at 
the Falkirk Mine. It was situated near the top of the 
Hagel Lignite, protruding about one metre into overlying 
Kinneman Creek sediments. The overlying sediments appeared 
to have buried the tree. The bedforms adjacent to the tree 
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Finely fractured, finely bedded clayey 
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F!GURE 4. IDEALIZED STRATIGRAPHIC COLUMN FROM THE FALKIRK MINE 
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This is the only in situ trunk observed in the mines in the --
Kinneman Creek Interval. 
The clay sediments in the Kinneman Creek at the 
Falkirk Mine are approximately one-half metre thick and are 
overlain by light yellow to gray silty sands and very fine 
.sands. The contact between the clays and sands is sharp. 
In a portion of the highwall in 145-82-04 AAA, underlying 
clay and lignite fragments were incorporated into the sand 
matrix as galls or intraclasts (see Figure S). The contact 
zone is undulatory, suggesting loading or erosion. The 
sands directly overlying the clays are finely bedded, with 
individual sand beds five to fifty millimetres thick. Some 
of the thicker silty sands overlying the clays in the 
western section of the mine have a higher percentage of 
organic material incorporated into the matrix. Climbing 
ripples are the dominant bedform. 
Fine to medium fine sands with incorporated silts 
overlie the silty sands in the Kinneman Creek Interval at 
the Falkirk Mine. These sands are light yellow gray to 
brownish gray in color with areas of concentrated organic 
material which is brownish black in color. The sands are 
homogeneously bedded and appear to be ungraded with occa-
sional organic stringers in beds five to thirty centimetres 
thick. The sands compose roughly four and one-half metres 
of highwall. A structure resembling a point bar deposit 
was seen in these sands in the highwall in 145-82-04. The 
structure was convex with the base approximately 28 metres 
14 
Fig. 5. Intraclasts in sand at the Falkirk Mine. 
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Fig. 6. Climbing ripples in the lower sands at the 
Falkirk Mine. 
17 
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across and 8 metres high at the crest. Adjacent to the 
convex structure were thinly bedded flat lying beds which 
appear to terminate at the boundary of the large structure. 
small scale cross-bedding is the typical bedform in point 
bar deposits but, no obvious bedforms were noted upon close 
examination. It is possible that the primary sedimentary 
structures have been masked or obliterated by secondary 
ground water activity or that the iron staining present on 
the face of the highwall is accenting the structures and 
they are large scale. 
Conformably overlying the homogeneous sands, but 
with a distinct contact, are two metres of finely frac-
tured, light yellow gray, clayey sand. The fractures may 
be inherent in the composition of the sediments or a 
secondary feature resulting from unloading. This unit was 
out of reach on the highwall, but from fallen fragments, 
the unit appeared to be finely bedded. 
The clayey sand is overlain unconformably by glacial 
till in the eastern section of the mine. Glacial sediments 
have eroded deeply into the Kinneman Creek Interval, reach-
ing a depth three metres above the Hagel Lignite in some 
places of the highwall. In the western section of the mine 
(145-82-06), fifteen to twenty-five centimetres of highly 
oxidized lignite (leonardite) of the Kinneman Creek Lignite 
remain in situ. The contact of the Kinneman Creek Interval 
sands and the overlying lignite was obscured by slumped 
glacial sediments. 
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A structure resembling a fluvial clay plug was seen 
in the west end of the Falkirk Mine ( 145-82-06). Essen-
tially flat lying sands and silts were interrupted by a 
concave structure filled with fine grained sediments, 
predominantly clay. 
The Kinneman Creek Interval at the Falkirk Mine is 
less continuous laterally than at the other mines in the 
study, but single beds can be traced for thirty metres. 
The average grain size appears coarser than at other mines. 
The sands have been oxidized, but this may be a function of 
post-depositional ground water activity and not necessarily 
attributable to depositional environment. 
Exposed highwall at the Falkirk Mine is not neces-
sarily representative of the general character of the 
Kinneman Creek Interval in the Falk.irk area. The highwall 
just intersects the southern edge of a large body of sandy 
sediments defined by test drilling, north and northwest of 
the mine site (Moran et al. 1978). 
The Glenharold Mine 
The Hagel Lignite at the Glenharold Mine is overlain 
by twenty centimetres to one metre of clayey lignite, 
lignitic clay and clay, a sequence similar to that in the 
Falkirk Mine. The clay sequence is thickest at the Glen-
harold Mine. The clays are generally bluish brown in 
color, finely bedded with horizontal laminations. They do 
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Kinneman Creek Lignite 
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llgnltlc clay and lignite 
3m 
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root casts present 
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IDEALIZED STRATIGRAPHIC COLUMN FROM THE GLENHAROLD MINE 
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dewatering structures. Small root casts are occasionally 
seen in lignitic clays. Fossil leaf fragments are present 
along clay partings. The clays contain more organic 
material (unidentifiable) than do the basal clays at the 
other mines included in this investigation. 
The contact between the clays and overlying coarser 
sediments is undulose, but fairly sharp. overlying sedi-
ments are light bluish gray fine grained silty sands with 
small amounts of associated clays. There are small lignite 
fragments in the overlying sands at the contact. Bedforms 
in the sands include climbing ripples, homogeneous beds 
with included organic stringers, and rhythmites, which are 
most prevalent, of alternating dark and light sediments. 
The light layers are clean sands, while the darker layers 
contain more silt and organic material. Loading structures 
were observed when beds were broken along their bedding 
planes. A flame structure was identified in this sand 
unit. The silty sands are found in one to eight centimetre 
beds, collectively comprising roughly two metres of high-
wall. 
Overlying the silty sands are approximately three to 
three and one-half metres of finely bedded, light yellow 
bluish gray, well compacted, but poorly indurated fine 
grained sands with minor amounts of silt. The dominant 
bedforms in this unit are climbing ripples and rhythmites. 
Interbedded with all the sands are thin concre-
tionary zones, five to fifteen centimetres thick. These 
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concretionary zones are parallel to bedding planes and 
laterally continuous, traceable for the length of the 
highwall exposure. The concretions are yellowish gray in 
color and well indurated. They react weakly to dilute 
hydrochloric acid; 
Conformably overlying the sand uni ts are one-half 
metres of clay in a sequence similar to the basal clay 
sequence, but in a reverse order; clay, lignitic clay, and 
clayey lignite. The contact with the sands is gradational 
over a forty to fifty centimetre interval. 
Sediments of the Kinneman Creek Interval at the 
Glenharold Mine are laterally very continuous. Small beds 
can be traced for long distances along the highwall. 
Except for the leaf fragments observed in clay partings, no 
fossils were seen at the mine. 
The Center Mine 
The Hagel Lignite at the Center Mine is overlain by 
a clay sequence similar to what is found at the other two 
mines. The lignite grades into clay over a one-half metre 
interval. The clay is finely bedded and dark grayish brown 
to grayish black in color. The contact of lignite, lig-
nitic clay with overlying clayey sediments is undulose. 
Most of the beds have maintained their fine laminations. 
Some beds display deformational structures from loading 
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FIGURE 9. IDEALIZED STRATIGRAPHIC COLUMN FROM THE CENTER MINE 
Fig. 10. 
overturned block 
lens cap is about 
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Expression of loading structures on an 
of silty sand at the Center Mine. The 
6 centimetres in diameter. 
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The clay grades into sand over a one metre interval, 
with the sediments finely bedded with beds flat lying· The 
clays become a lighter brownish gray as they grade into 
fine grained yellowish gray sands. The interbedded fine 
sand and clay interval exhibits some organic stringers 
parallel to bedding. Due to the different nature of compac-
tion in the two sediment types, pinch and swell structures 
are present. 
overlying the interbedded sands and clays are fifty 
centimetres of yellowish gray, very fine sand, which 
appears homogeneous, with no apparent bedding. There are 
occasional non-horizontal organic stringers incorporated 
into the matrix. Above this sand is approximately sixty 
centimetres of finely interbedded sands, clays, and organic 
material. These layers are rhythmites. overlying the 
rhythmites are fifty centimetres of small scale climbing 
ripples composed of bluish gray silty sands with some 
associated organic material. The climbing ripples are 
easily discernable due to organic material accenting their 
troughs. 
Above the very fine sand are two metres composed of 
yellowish bluish gray interbedded fine sands and silts with 
some associated clays. The fine layers are composed of 
climbing ripples, and horizontal homogeneous sand beds. 
Some.homogeneous sand beds show pinch and swell structures. 
Within the two metres of finely bedded sands are two con-
cretionary zones, both conformable to beds between which 
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they lie. The concretions are well indurated and exhibit 
conchoidal fracture when broken. They are yellowish brown 
in color and react weakly to dilute hydrochloric acid. The 
concretions show evidence of iron oxide staining suggesting 
iron oxide is responsible for cementation. 
Overlying the silty sands are about four and one-
half metres of finely bedded, medium fine sands and clays. 
The sands are yellowish gray in color and the silty clays 
are brownish gray. There is a noticeable amount ( 5%) of 
organic material associated with the clays. Except for 
occasional pinch and swell structures, the sediments appear 
to be flat lying. There are euhedral gypsum crystals 
associated with the clay partings. 
Access to the upper Kinneman Creek Interval and the 
Kinneman Creek Lignite was possible in the Center Mine on a 
haul road leading to a newly opened, not yet developed pit. 
The upper clay sequence is similar to the one seen in the 
Glenharold Mine except the clay appears to be blocky rather 
than finely laminated. The contact was gradational like 
the lower lignite-clay contact. Lignite and lignitic clays 
are reddish brown in color due to oxidation. 
The Kinneman Creek Interval at the Center Mine is 
very continuous laterally. Small beds can be traced for 
the length of· exposed highwall, at times as far as five 
hundred metres. There appears to be a smaller variation in 
grain size compared to the other mines. No fossils were 
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observed except for leaf fragments on upper and lower clay 
partings. 
Test Hole Information 
Test hole information including the Kinneman Creek 
Interval reveals the lithology of the interval is more 
variable than it appears in highwall exposures. In high-
wall exposures silt and sand size sediments predominate, 
whereas clays and silts are more typical in some test hole 
logs. Test hole logs reveal the presence of thin and 
discontinuous limestone beds throughout the study area. 
Test holes drilled north and northwest of the Falkirk Mine 
(Moran et al. 1978) show the presence of an extensive sand 
l:>ody not suggested l:>y structures in highwall exposures. 
Therefore, the highwall exposures are not necessarily 
representative of the entire Kinneman Creek Interval in the 
study area. Test hole information adds an important dimen-
sion to the study and is used in determining the geometry 
and lithology of the basin fill. 
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PETROGRAPHY 
Laboratory analyses were conducted on eleven samples 
from two vertical sections of the Kinneman creek Interval. 
The analyses included determination of sand-silt-clay 
ratios, approximate bulk chemistry using scanning electron 
microprobe techniques, and bulk mineralogy using x-ray dif-
fraction techniques. Five samples were obtained from a 
core drilled by the NDGS at the Falkirk Mine in 1978. The 
descriptive log is included in Table 1. The core was taken 
from a test hole located at 146-82-30 ccc. The remaining 
six samples were obtained from a test hole drilled in 1979 
for the Consolidation coal company by a private contractor 
operating a forward rotary rig. The descriptive log is 
included in Table 2. The samples were obtained from a well 
located at 144-85-23 ADC. 
In general, samples suggest grain size is a little 
finer at the Glenharold Mine, Table 3. The top six feet 
(48-54 feet below land surface) of the interval at the Fal-
kirk Mine was determined to be coarser than the lower sec-
tion of samples from the Falkirk Mine and the entire 
sampled section from the Glenharold Mine. Most of the sam-
ples have less than 10% sand, whereas the top two samples 























62 1 -64' 
67'-69' 
Description 
Silt to very fine sand, olive, 
calcareous contains clay balls 
up to 1.3 cm in diameter 
Sand, fine grained, loose but 
cohesive, slightly calcareous, 
olive, contains carbonate 
pebbles up to 1.5 cm long, the 
upper 3 cm of core is clayey, 
sand grains mainly subangular 
quartz and amphibole 
sand, fine grained, oxidized, 
pale olive, olive gray, yel-
lowish brown, iron and manga-
nese oxide deposits as well as 
CaCO throughout sand, clay, 
siltY oxidized; light olive 
brown and olive gray, calcare-
ous, roughly the lower one-
half of core 
sand, fine grained, fractured, 
oxidized, olive gray to olive, 
calcareous silty layers con-
tained, white calcareous con-
cretions with a strongly oxi-
dized fracture 2-5 cm above it 
Partial recovery, sand fine 
grained, mottled, olive gray 
to olive, calcareous, silty in 
places, unfractured, dissemi-
























75 1 -80' 
80 1 -85 1 
85 1 -90' 
Description 
Light yellow gray, sandy clay-
ey silt 
Light brownish gray, slightly 
sandy clayey silt 
Light gray, sandy clayey silt 
Light gray, silty clay 
Light brown gray, slightly 
sandy silty clay with some 
lignite fragments 
































size analyses conducted 













by Soil Science 
the Consolidation 
size analyses conducted by the author. 
,.;,:,;,.fu&,:kili/·. 
TABLE 4 
NORMALIZED ABUNDANCES OF OXIDES* 
1 2 3 4 5 6 7 8 9 10 11 
Si02 68.87 71.40 66.88 67.53 68.48 69.36 68.23 67.48 70.09 
69.71 67.82 
A1 2o3 13.64 9.96 13.96 14.09 14.68 15.23 13.86 15.12 lS.74 lS.14 
16,09 
FeO 5.83 5.72 S.76 S.75 4.91 4.31 5.14 6.11 4.86 5.49 5.38 
'"" MgO 2.38 1.93 2.83 2.88 2.97 2.75 2.56 2.S5 2.36 2.29 2.42 -.J 
Cao 4.97 6.79 6.22 5.10 4.81 3.50 5.76 3.93 2.02 1.96 2.73 
Na2o 0.90 1.40 1.15 1.42 1.52 1.22 1.16 1.12 0.97 1.36 
1.40 
K2o 2.42 2.0S 2.23 2.22 1.95 2.84 2.26 2.86 3.18 3.04 
3.00 
Tio2 0.53 0.46 0.66 0.62 0.51 0.55 0.70 O.S7 0.62 
0.64 0.72 
P205 0.21 0.11 0.15 0.26 0.00 0.09 0.10 0.12 o.oo 0 .20 0.16 
MnO o.oo 0.08 0.06 0.07 0.07 0.00 0.00 0.03 0.00 0.00 0.04 
Cl o.oo o.oo 0.00 0.00 o.oo 0.00 0.00 0.00 0.00 o.oo o.oo 
so2 0 .20 0.03 0.04 0.02 0.05 0.08 0.15 o.os 0.10 0.12 0.17 
*Excluding water, co2 and all other elements not listed. 
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Bulk chemistry analyses did not reveal any major 
differences in samples from the two mines, Table 4. The 
concentration of Al 2o3 was generally lower in the Falkirk 
Mine samples where the average concentration of the five 
samples was 13. 3% and the average concentration of the 
samples from the Glenharold Mine was 15. 2%. This differ-
ence may be a reflection of the slightly higher percentage 
of clay sized sediments at the Glenharold Mine. 
The average concentration of Cao is higher in sam-
ples from the Falkirk Mine, 5.6% as opposed to 3.3% in the 
Glenharold Mine samples. This may be caused by the influ-
ence of secondary ground water activity where free calcium 
ions are preferentially adsorbed on surfaces over sodium 
ions which are subsequently released, or by the direct 
precipitation of calcite. 
The same major mineralogical constituents were 
present in all eleven samples analyzed for bulk mineralogy 
using x-ray diffraction techniques. The relative intensi-
ties of the peaks from the x-ray diffraction strip chart 
were determined and used to compare the relative propor-
tions of minerals in the respective samples. The relative 
intensities of quartz, mica group, kaolinite, chlori te, 
dolomite, calcite, alkali and plagioclase feldspar and 
montmorillonite are given in Table 5. 
Relative amounts of clay minerals, kaolinite, 
chlorite, and the micas were greater in the Glenharold Mine 
samples than the Falkirk Mine samples. This is reasonable 
~il~:iiii;' 0 'if 
Minerals 1 2 3 
Quartz 168 126 168 
Mica Group+ 29 14 33 
Kaolinite 3.0 2.5 5.5 
Chlorite 16.0 10.0 9.5 
Dolomite 29.0 17.0 21.0 
Calcite 9.8 15.0 17.0 
Feldspar 
Alkali 9.0 13.8 9.0 
Plagioclase 31.3 108.0 43.5 
Montmorillonite 70 12 106 




4 5 6 7 
168 168 210 160 
48 35 45 54 
6.0 2.0 15.0 13.5 
22.0 18.0 38.0 48.0 
22.0 26.0 31.0 46.0 
14.0 6.0 1.1 21.6 
16.2 12.8 5.9 6.5 
47.5 55.0 23.0 45.0 
183 255 44 78 
+Mica Group includes illite and muscovite 
8 9 10 11 
147 157 143 189 
91 103 102 64 
17.0 6.0 13.2 18.6 w II> 
55.0 69.0 58.5 38.4 
33.0 9.8 11.0 11.5 
7.3 1.0 2.4 3.0 
7.2 6.0 11.0 8.4 
28.0 32.0 28.5 20.0 
156 158 108 122 
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considering the generally finer grain size of the salllple 
sediments from Glenharold. The proportion of feldspars is 
greater in the Falkirk Mine samples, especially sample 2 
which has 72.3% sand size sediments. The presence of 
coarser grained elastics is probably the reason for the 
relatively greater proportion of feldspar in the Falkirk 
samples. 
The relative abundance of calcite is greater in the 
Falkirk salllples. This, as in the greater abundance of cal-
cium in the bulk chemistry analysis, may be the result of 
ground water activity. 
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PALEOCURRENT DETERMINATION 
Measurements of paleocurrent directions were taken 
from primary sedimentary structures in highwall exposures 
at the Kinneman creek Interval. Paleocurrent measurements 
were made for a number of reasons: 
l. to contribute to a better understanding of 
l, . the arrangement of sedimentary basin fill 
". 2. to help determine source regions which lie 
beyond the basin or study area 
3. to contribute to stratigraphic correlations 
4. to lend a quantitative aspect to the gener-
ally qualitative determination of paleo-
environment (Pettijohn et al. 1972, p. 35). 
Measurements were taken in highwall exposures at the 
three mines included in this study. All measurements were 
taken from the lower one-half of the Kinneman Creek Inter-
val because of accessibility. Measurements were taken from 
two types of small scale features; ripples and climbing 
ripples, with a Silva Type 3 compass. The prccedure 
involved lining up an arrow with the apparent current 
direction and then centering the north orientation on the 
revolving compass head with free floating, north pcinting 
arrow. This compass design worked well because the user is 
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not able to unconsciously center on a particular orienta-
tion. Measurements were taken from at least two different 
sites within the individual mines. Approximately 50 total 
readings were made per mine. Adjustment for magnetic 
declination was made after field measurements. Field mea-
surements are listed in Table 6. 
The data were manipulated by a computer using a pro-
gram written by Susan Daut of the Iowa Geological Survey 
and adapted by David B. Johnson, Department of Geology, New 
Mexico School of Mines. Vector mean ( ) and vector 
strength ( ) (Table 7) were calculated by computer 
according to the formulas of Pincus ( 1956). The computer 
also generated paleocurrent rose diagrams which are 























Center 138, 122, 146, 145, 144, 128, 156, 168, 135, 
150, 160, 164, 130, 134, 76, 160, 140, 152, 
142, 139, 148, 128, 144, 122, 144, 176 
Center 119, 144, 118, 106, 100, 104, 127, 143, 92, 
105, 110, 113 
Center 180, 145, 170, 166, 152, 164, 145, 158, 154, 
178, 175, 162, 166 
Falkirk 104 
Falkirk 106, 76, 69, 120, 63, 54, 89, 58, 90, 74, 
70, 79, 77, 70, 40, 104, 77, 87, 100, 98, 
95, 78, 61, 84, 107, 92, 54, 92, '/9, 118, 
108, 124, 112, . 64, 95, 71, 27, 67, 34, 57, 
63, 76, 69, 82, 74, 50, 94, 88, 112 
Glenharold 14, 353, 0, 128, 124, 112 
Glenharold 70, 81, 62, 79, 84, 6, 89, 75, 99, 88, 66, 
85, 94, 114, 98, 44, 86, 98, 109, 74, 84, 
84, 73, 82, 86 
Glenharold 137, 126, 109, 110, 101, 134, 136, 140, 110 
*All measurements have been corrected for magnetic declination in the area, 
approximately 12° 






LIST OF STATISTICAL PARAMETERS DERIVED 
FROM PALEOCURRENT MEASUREMENTS TAKEN AT THE THREE MINES 
INCLUDED IN THIS STUDY 
Center Falkirk Glenharold 
~l 141.29 81.12 89.46 
a. 2 .92 .93 .83 
n3 51 51 40 
1. oi 1 = vector mean, a measure of average orienta-
tion 
.... 2 
2. a. = vector strength, a measure of data disper-
sion or concentration. The value of ranges 
between zero and 1.0, where zero is complete 
nonconformity of data and 1.0 is complete 
uniformity 
3. n3 = total number of measurements 
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DEPOSITIONAL ENVIRONMENTS 
In reconstructing the environment of deposition of 
sediments, it may be difficult to discern which features 
are attributable to the primary depositional environment 
and which to secondary alteration. No single feature dis-
tinguishes or precludes a particular sedimentary environ-
ment. Environmental reconstruction is more reasonable if 
several independent parameters lead to the same conclusion 
(Reineck and Singh 1975). Associations of several fea-
tures, such as sedimentary structures, grain size, strati-
graphic relationships, and paleocurrent conditions provide 
clues to make reasonable interpretations. 
Features most frequently observed in the Kinneman 
Creek Interval are as follows: 
1. Thin beds, as small as five mm, may be 
traced for considerable distances 
( 100 metres or more). Lateral continuity 
is most pronounced at the Center Mine, and 
least apparent at the Falkirk Mine, and is 
present throughout the section. 
2. contact between the Hagel Lignite and over-
lying clays is gradational over one-half to 
one metre. 
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3. Contact between lignitic clays and clays, 
and overlying coarser sediments is grada-
tional. 
4. Beds are well sorted. 
beds range from clays 
Sediment size in 
to medium sands. 
Sorting and grain size characteristics are 
maintained laterally in beds. 
5. No dewatering structures, bioturbated sedi-
ments, paleosols, or mudcracks are present 
in highwall exposures. 
6. Root casts are found infrequently in the 
clayey lignites at the base of the Kinneman 
creek Interval and in the ligni tic clay 
(when accessible) underlying the Kinneman 
creek Lignite. Root casts are small (1 to 
2 cm). Root casts were not observed in 
association with overlying silts and sands, 
but are found within lignites and adjacent 
clays. 
7. Fossil leaves and leaf fragments are common-
ly found in finely layered clays overlying 
the Hagel Lignite. Fossil leaves appear to 
be randomly oriented. 
8. Paleocurrent directions at all mines appear 
to have fluctuated between west and north-












FIGURE 12, MAP SHOWING ROSE DIAGRAMS RESULTING FROM PALEOCURRENT MEASUREMENTS 




9. Eight major sedimentary structures present 
in the Kinneman Creek Interval are 
described below. Their relative abundances 
are described in terms of an estimated 
range of percentage of exposed thickness of 
strata which contain the particular sedi-
mentary structure. The percentages are 
only estimates, based solely on subjective 
determinations, and are presented 
descriptive purposes only. 
a. Homogeneous sands or sand beds one 
to fifteen centimetres thick with-
out apparent internal structures 
and with occasional non-horizontal 
organic stringers are common at the 
three mines studies . The organic 
stringers are inclined 10 to 
20 degrees off of horizontal in 
sands. These sands compose roughly 
20 to 30 percent of exposed thick-
ness of strata and they are the 
dominant bedform in sands exposed 
in highwalls of the Falkirk Mine. 
Homogeneous sands are generally 
composed of the coarser sediments 
within the Kinneman Creek Interval, 
medium fine to medium sand size 
for 
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grains. Homogeneous sands are most 
frequently interbedded with climb-
ing ripples and rhythmically bedded 
sediments. 
b. Rhythmite structures consist of 
alternating dark and light colored 
sediments in couplets one to one-
half centimetres thick. They are 
composed of very fine sands and 
silts with some minor associated 
clays . Rhythmi tes are present 
throughout highwall exposures of 
the Kinneman Creek Interval, but 
are seen more commonly in the Cen-
ter and Glenharold Mines. Individ-
ual rhythmite thickness is consis-
tent laterally. This is demon-
strated by the ease one has tracing 
an individual rhythmite or couplet 
along exposed mine highwall. 
Twenty to thirty percent of exposed 
thickness of strata contain 
rhythmic bedding structures {see 
Figure 13). 
c. Twenty to thirty percent of the 
exposed thickness of strata contain 
climbing ripples. They are seen 
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Fig. 13. Rhythmically bedded sediments overlying 
homogeneous sands at the Center Mine. The lens cap is 
about 6 centimetres in diameter. 
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S2 
frequently at all three mines, 
where they are easily distin-
guished because of organic rich 
darker grains which collect at the 
ripple trough. The climbing 
ripples are composed of silt and 
fine sand size sediment, and are 
most frequently interbedded with 
homogeneous sands. 
d. Sediment drapes are found in the 
Kirmeman creek Interval at all 
three mines, but are seen more 
colllll\only at the Center and Glen-
harold Mines. They constitute 
approximately five to ten percent 
of exposed thickness of strata. 
Draped structures are one-half to 
two centimetres thick and composed 
primarily of silt and silty clay 
sediments. Drapes conform to 
underlying structures and even-
tually become horizontal. 
e. Pinch and swell structures consti-
tute a minor percentage (less than 
ten percent) of bedforms exposed 
in the Kinneman Creek Interval in 
highwall, but are present at all 
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three mines. They are found most 
commonly at the Center and Glen-
harold Mines, where they are found 
in the lower quarter of the inter-
val where clay size sediments are 
in greater abundance. 
f. At all three mines, small scale 
trough-shaped ripple cross-bedding 
is found interbedded with climbing 
ripples, homogeneous sands and 
rhythmites. The ripples make up 
roughly five to ten percent of 
exposed thickness of strata and 
are composed of coarse silt and 
fine sand. 
g. concretion zones and thin (one to 
three cm) beds of lignite are seen 
in mine highwalls and comprise 
about five to ten percent of ex-
posed thickness of strata. 
Specific Environments 
Sediments of the Fort Union Group have been studied 
and in general, characterized as fluvial and fluvial-
deltaic deposits (Royse 1970; Jacob 1973; Chervin 1978; 
Rehbein 1978; and Beaumont 1979). 
-; 
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The Sentinel Butte Formation includes eleven major 
lignites (Groenewold et al. 1978). Lignites can be 
deposited in a variety of climates and environments: 
marine lagoonal, fresh water lagoonal, fluvial overbank, 
back water deposits, 1 acustrine and others . The Kinneman 
Creek Interval is overlain by the Antelope Creek Interval 
(Groenewold et al. 1979) and underlain by the Hagel Inter-
val ( see Figure 2) . These intervals are similar because 
they are all composed of non-lignitic sediments (sands, 
silts and clays) and are contained by lignite beds. How-
ever, the environment which dominated or controlled their 
deposition may not have been similar. 
The Antelope Creek Interval is composed of sands and 
silts with minor amounts of clay, and is light yellow brown 
in color and oxidized. There are thin lignites included in 
the Antelope Creek Interval which show variations in thick-
ness and dip within short distances (10 metres). The sedi-
mentary structures are often large scale. Color, struc-
tures, and variability in attitude of included lignites 
make the Antelope Creek Interval easy to distinguish from 
the Kinneman Creek Interval in highwall exposure in the 
study area. 
The Hagel Interval consists of interbedded sandy 
silts, silts and clays. The clays are often carbonaceous. 
Sediments are light gray to dark gray and oxidized. No 
comment can he made on sedimentary structures because the 
Hagel Interval does not outcrop in the study area. 
' 
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Variability between the Antelope Creek, Hagel, and 
Kinneman Creek Intervals indicates there may have been a 
range of lignite producing environments in existence in 
North Dakota in Paleocene time. One environment or a com-
bination of compatible environments capable of producing 
conditions favorable for accumulation of organic matter may 
have been active during deposition of an individual inter-
val. The Kinneman Creek Interval was probably not 
deposited in a unique environment. There are probably 
other intervals in the lignite bearing Fort Union Group 
which were produced under conditions similar to the Kinne-
man Creek Interval. It is possible too, that the Antelope 
Creek and Hagel Intervals are similar to the Kinneman Creek 
Interval and vice-versa inside and outside of the area 
covered by this study. 
In this study of the Kinneman Creek Interval, evi-
dence suggests that at least some of the sediments were 
deposited in a system less active hydrodynamically than was 
previously suggested for the Fort Union Group. 
possible depositional environments: fluvial, 
Three 
fluvial-
deltaic, and lacustrine, are examined below in terms of 




Jacob (197S, 1976) has suggested a fluvial environ-
ment of deposition for the Upper Fort Union Group, includ-
ing the Kinneman Creek Interval. Features exposed in high-
walls at Center and Glenharold Mines are not typically 
attributed to a fluvial environment. However, features 
observed in the Falkirk Mine highwall do have more of a 
fluvial character. 
1. All cross-bedding features are small scale, 
no large scale cross-bedding was seen. The 
scale of bedding may be attributable to the 
grain size (Allen 1968, figure 6.9) 
accounting for the absence of large scale 
cross-bedded features. The large convex 
structure seen in the highwall exposure at 
Falkirk may have had a large scale bedding 
component as discussed earlier, however, 
determination was not conclusive. 
2. No pockets of segregated grain size were 
observed, a feature expected from fluvial 
pool and chute deposition. A structure 
resembling a clay plug, an abandoned stream 
channel filled with fine grained sediments 
and associated organic rich material, was 
seen in the Falkirk Mine highwall. 
3. Evidence of intense biological activity, 
like that expected in overbank deposits is 
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lacking in silt and clay size sediments. 
Fine grained sediments do not show any 
signs of dewatering structures, bioturba-
tion, mudcracks, paleosols, or intense 
vegetative growth, structures characteris-
tic of floodplain and overbank deposits. 
4. Lateral continuity persists throughout the 
vertical section in the highwall exposures. 
Pronounced lateral continuity of deposits 
is not characteristic of fluvial environ-
ments. Even large fluvial systems, com-
parable in size to the lower reaches of the 
Mississippi River, exhibit lateral varia-
tions in distances shorter than that found 
in these highwall exposures (Fisher 1969). 
Test holes drilled at the Falkirk Mine 
(Moran 1978) reveal that there is more 
lateral variation than highwall exposures 
suggest just north of the mine site, where 
finer grained sediments, silts and clays, 
intertongue with a sand body. 
5. Silt size sediments are not generally 
deposited in an active fluvial channel or 
constantly turbid environments because they 
are easily carried in suspension and 
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winnowed away (Bell 1942). Silt size 
sediments are frequently seen in the Kinne-
man Creek Interval. 
6. When finer sediments ( clay to fine sands) 
do occur in fluvial systems, they suggest a 
highly sinuous, meandering system. A 
meandering river should show evidence of 
point bar deposits, cutbanks, abandoned 
channels, or overbank deposits, none of 
which were observed in the Kinneman Creek 
Interval in the Center and Glenharold 
Mines. However, mine highwalls represent 
only a small part of the Kinneman Creek 
Interval in the study area. 
7. Field observations and measurements show a 
small variance in paleocurrent direction 
which is not compatible with a meandering 
fluvial system (Pettijohn et al. 1972). 
8. Jacob (1975) uses crevasse splays to ex-
plain extensive sand deposits in the Fort 
Union Group. Crevasse splays are not 
usually associated with meandering river 
channels (Lee Clayton, verbal communication 
1978). They are more frequently found in 
channels with natural levee deposits. 
These levees are breached during floodstage 
and sediments are washed into backwater 
59 
areas. Ripple cross-bedding is the common 
bedform. Deposits are submerged only 
during floodstage, allowing vegetation to 
become established during dry periods. 
9. Contact between the basal lignite and the 
overlying non-lignitic sediments is grada-
tional in most places. A less regular, 
more abrupt contact between lignites and 
overlying sediments would be anticipated in 
a fluvial environment because of the differ-
ence in flow regimes. Intraclasts are 
incorporated into the basal sands in the 
eastern edge of the Falkirk Mine (see 
Figure 5) suggesting a more dramatic 
difference in flow regimes than at other 
points in the mine highwalls. 
Fluvial-Deltaic 
Fluvial-del taic environments are generally defined 
as the lower reaches of a fluvial system as it approaches a 
standing body of water, an ocean or lake. The main channel 
may branch into numerous distributary channels with 
vegetated islands between. There may be channels of major 
activity where the river concentrates its flow and channels 




It is difficult and dangerous to state that the 
Kinneman Creek Interval is or is not related either closely 
or distantly to a fluvial-deltaic system. The Kinneman 
Creek may have been deposited in an environment closely 
associated with a fluvial-deltaic environment, however, the 
interval in the study area does not exhibit the features 
generally attributed to a fluvial-deltaic environment, 
those features are discussed below: 
1. Fluvial-deltaic systems alternate between 
constructive and destructive phases as the 
fluvial channel adjusts itself by shifting 
its course. This variation continually 
creates and destroys distributary channels 
which flank the main channel. As the old 
channels are destroyed, they are filled 
with fine grained sediments. The Kinneman 
Creek in mine exposures in the study area 
is laterally very continuous. The highwall 
deposits do not suggest continual channel 
shifting. 
2. Flood periods cause rapid inundation by 
sediments of vegetated areas in fluvial-
deltaic environments. Organic rich layers 
associated with the Kinneman Creek Interval 
are the underlying and overlying lignite 
deposits. Contact between non-lignitic 
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sediments and lignites is generally grada-
tional over a . 1 to 2 metre interval, a 
transition that is not supportive of rapid 
burial. In one area (145-82-04 AAA) in the 
Falkirk Mine highwall, clay overlying the 
lignites is scoured and the contact is 
sharp, however, this is not typical of mine 
exposures of the Kinneman creek Interval . 
3. Fluvial-deltaic environments are often 
flanked by extensive, low lying emerging 
and submerging swamps, areas of intense 
biological activity where mudcracks, paleo-
sols, root casts, bioturbated structures, 
dewatering structures, and fossils are 
present. Only root casts are seen in ex-
posures of the Kinne.man Creek. Swamp 
deposits would eventually intertongue with 
less organically rich sediments in a com-
patible facies change. Lignite deposits 
are distinct from underlying sediments sug-
gesting, in this area, that lignites were 
not forming contemporaneously with major 
deposition of elastic material. 
4. Large scale cross-bedded sediments are 
typically associated with fluvial-deltaic 
deposits. No foreset beds or other large 
scale bedforms were seen, only small scale 
bedforms are observed. 
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Lacustrine 
Lakes, perhaps, are more difficult to define in 
terms of distinguishing features than any other sedi-
mentological environment, because of their wide variety of 
shapes, sizes, and depths. The majority of sedimentation 
in a standing body of water results from fallout or 
turbidity deposits. Fallout sedimentation takes place when 
sediments are introduced to a body of water from air, or an 
adjacent river or delta, and temporarily suspended in the 
water due to their low density, before settling out (Bell 
1942). Fallout deposits are typically fine grained, clay 
and silt size grains predominate. Varves, rhythmites, and 
couplets are a form of fallout sedimentation and are most 
often associated with lacustrine sedimentation. They 
result from fluctuations in the character of sediment, 
either seasonal, from the preservation of organics in 
anoxic waters below thermocline or pycnocline, or a change 
in provenance. These sediments eventually settle out and 
are deposited on the lake bottom. Rhythmites represent 
approximately twenty to thirty percent of the exposed 
thickness of strata in the Kinneman Creek Interval in the 
study area, but are found most commonly at the Center and 
Glenharold Mines. 
Turbidity deposits are the result of turbidity cur-
rents, a type of density current. They are an intrusion of 
one fluid over, into or under another fluid. The current 
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arises because of a difference in hydrostatic pressure-
force between the two fluids. Sediment laden river water 
entering a lake is often so heavy it plunges down to form a 
turbid underflow capable of travelling many kilometres over 
the bottom (Allen 1977, pp. 188-189) . Because turbidi tes 
are deposited during short lived pulses and not appreciably 
reworked by later current, they for111 perhaps, the most con-
tinuous individual beds known with the exception of ash-
falls (Pettijohn et al. 1972, p. S04). 
Particular bedfor111s or combinations of bedforms are 
believed to reflect of certain ranges of hydraulic condi-
tions and to succeed each other in a definite sequence as 
hydraulic conditions change. Flow regime is a concept that 
has . been derive.d primarily from laboratory settings, but 
the concept may be applied to natural systems. Flow 
regimes are defined by bedforms, but each bedform is asso-
ciated with a particular or distinctive set of hydraulic 
and sedimentation phenomena. The concept of flow regimes 
which combines the variables of velocity, discharge, shear 
stress, and others, can make interpretations of bedforms 
more simple because it recognizes that bedforms are created 
by more than a single hydraulic variable (Blatt et al. 
1972, pp. 120-123). The idealized sequence of sedimentary 
structures in turbidite deposits is called the Bouma 
sequence, which represents the expected structures result-
ing from a gradually reduced flow regime. Very briefly the 
sequence includes: 
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bottom A) sandy sediments, massive, 







sand, plane parallel laminae, upper 
flow regime, plane bed 
sand and silt, ripples, wavy or con-
voluted laminae, lower part of lower 
flow regime 
D) silt, upper parallel laminae, flow 
regime not identified 
E) mud, massive muds, interturbidite, 
pelagic sedimentation or fine 
grained, low density turbidity cur-
rent deposition 
The above sequence (A-E) is rarely found intact. Usually 
only abbreviated sequences are identified (e.g. A,C; A,E,; 
C,D,E) but always in order from high to low flow regime. 
Upper flow regime or high velocity, high density divisions 
(A and B) are potentially erosive (Reineck and Singh 1975, 
p. 382). Lower flow regime or · low velocity, low density 
divisions (C and D) are non-erosive, but are still capable 
of transporting large amounts of fine graired sediments for 
a considerable distance. Deposits are generally thin and 
graded bedding is absent (Reineck and Singh 1975, p. 381). 
Turbidi te deposits characteristically exhibit uni-
modal current directions. A unimodal current distribution 
has been determined for the Kinneman creek Interval from 
field measurements in the study area (see Figure 12). Sub-
aerial exposure and shallow water features are absent in 
turbidite deposits. Generally, the bedding is regular with 
extensive aerial extension of individual units, as seen in 
mine highwall exposures. Large scale features are not 
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present in turbidite deposits (Reineck and Singh 1975, 
p. 385). Typical turbidity deposits include climbing rip-
ples, draped sediments, homogeneous and graded beds alter-
nating with quiet water muds. These bedforms are conunonly 
observed in exposures of the Kinneman Creek Interval. 
The concept of decreasing flow regime as a result of 
turbidity deposits works well when it is applied to the 
structures observed in highwall exposures in the mines in-
cluded in this study. Possible Bouma sequences are in-
eluded in Figures 4, 7, 9. The suggested sequences are 
indicative of lower flow regime sedimentation and deposi-
tion proximal to sediment source. 
Climbing ripples are created when there is a net 
aggradation of sediment, as when a lower flow regime cur-
rent moves across a lake bottom. Climbing ripples exposed 
in mine highwalls, studied herein, are characterized by a 
type of grading with mud collecting in the ripple trough 
and coarser material (silts and fine sands) being segre-
gated on the stoss side. Laminations, although continuous, 
change mineralogical composition from stoss to lee side, 
characteristic of turbidite sedimentation (Walker 1963, 
p. 179). 
Homogeneous bedding is the result of upper flow 
regime, quick sedimentation or low energy, low density, 
lower plane bed deposits. It is difficult to determine 
which flow regime is responsible. An erosional contact is 
present between the lower silty sands and the underlying 
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lignitic clays at the Falkirk Mine (see Figure 5). It is 
the best example of bedforms resulting from upper flow 
regime conditions in the study area. Some of the homo-
geneous sands may, however, be lower flow regime parallel 
laminae with such diffuse bedding, it cannot be recognized. 
Adjacent units should provide clues, but because the 
sequences are usually incomplete, determinations are not 
conclusive. 
Occasional limestone stringers identified in test 
drilling could be marl or marl-like deposits. Marl is an 
unspecific term for carbonate mud containing some silicate 
mud. It is currently being deposited in fresh water lakes 
in the north-central United states (Blatt et al. 1972). 
Precipitation of marl does not require particularly alka-
line conditions. Certain plants and animals as well as 
some microorganisms are all capable of producing calcium 
carbonate in their life processes. The limestone stringers 
could also be the result of non-organic chemical precipita-
tion of calcium carbonate. In the geologic record, there 
are many examples of carbonate rocks or sediments deposited 
under non-marine conditions in lakes (Blatt et al. 1972). 
DISCUSSION 
Paleocurrent data suggest a sediment source for the 
Kinneman Creek Interval west and northwest of the study 
area (see Figure 12). Sediment may have originated to the 
west where the Rocky Mountains were being uplifted by 
activities associated with the Laramide Orogeny and .been 
transported in a fluvial or fluvial-deltaic system similar 
to the lower reaches of the Mississippi River. 
The basin in which the sediments were deposited was 
tectonically or sedimentologically controlled. Recommence-
ment of accU111ulation of organic materials may have occurred 
as sediment deposition exceeded down-warping or when sedi-
ment deposition exceeded subsidence resulting from sediment 
compaction and loading. This scheme is compatible with the 
gradational contact of the Kinneman creek Interval, and 
overlying and underlying lignites. 
It is reasonable to suggest that at least part of 
the Kinneman Creek Interval in the study area was deposited 
in a large standing body of water which was fed sediment 
from a fluvial-deltaic system west of the basin. Water 
entering the basin from the west was apparently heavily 
laden with fine grained sediments. 
ments, ~ediU111-coarse sands and 
present, but would have been 
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Coarser grained sedi-
larger may have .been 
deposited as fluvial 
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velocities decreased or as flowing water entered standing 
water. The two waters would stratify themselves according 
to their densities with the sediment laden water, being 
heavier, flowing beneath the lake water. Sediment rich 
waters would be carried further if there were any sort of 
slope present. 
Currents set up by density stratification, turbidity 
currents, are capable of carrying sediments for many kilo-
metres across a basin. The currents often deposit coarser 
sediments, sands and silts around the edges of the basin, 
while muds settle out in the center (Reineck and Singh 
1975, pp. 213-214). This pattern can be roughly con-
structed using the cross-sections from Appendix B. Sedi-
ments deposited in and around the Center and Glenharold 
Mines are probably the result of multiple turbidite 
deposits in a lacustrine environment. The deposits reflect 
pulses of sediment from fluvial sources, not a single 
sedimentation episode. 
The character of sediments and structures at the 
Falkirk Mine as indicated by test hole information and 
highwall exposures, is somewhat different from that of the 
Center and Glenharold Mines. The area of Falkirk Mine 
appears to have a greater percentage of sand in its sedi-
ments. Test hole information just south and east of the 
mine plus information provided by Moran's study (et al. 
1978) support this hypothesis. 
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Falkirk Mine has a smaller proportion of the exposed 
thickness of strata which contain rhythmites than the 
Center and Glenharold Mines. Homogeneous sand beds, 
climbing and trough shaped ripples constitute the greater 
proportion in the exposed thickness of strata at the Fal-
kirk Mines. 
Structures resembling a point bar deposit and a clay 
plug, were seen in the highwall at Falkirk. These two 
structures are both indicative of a fluvial environment of 
deposition. The Kinneman Creek Interval in the Falkirk 
area may have been deposited, at least in part, by a 
fluvial system. 
A fluvial system for the Falkirk Mine is compatible 
with the proposed lacustrine setting for the Center and 
Glenharold Mines ( see Figures 14 and 15). The lake may 
have been the size of one of the smaller Great Lakes or the 
size of Lake Pontchartrain in Louisiana, or perhaps even 
smaller. The proposed lake may have been at the foot of 
the delta or upstream in a quiet, backwater area. The lake 
may have encompassed the entire study area initially and 
slowly retreated, allowing the Falkirk area to be inter-
cepted by a fluvial system. 
During periods of relative quiescence, sediment 
entering the lake in smaller quantities may have been sus-
pended for long periods before settling to the bottom. 
These periods of less sedimentological activity could have 
produced many of the rhythmically bedded sequences 
frequently seen in the highwall exposures in the center and 
Glenharold Mines. 
Lignite beds of the Fort Union Group are laterally 
persistent throughout the section regardless of the charac-
ter of overlying and underlying non-lignitic sediments. 
Lignite beds are easily traced east to west, less success-
fully in the north-south direction ( G. Groenewold 1981, 
personal communication}. These patterns suggest some sort 
of a large, transgressing and regressing deltaic system, a 
system with large east-west trending swamps disected by 
fluvial channels. Depending upon prevailing sedimentary 
and/or tectonic conditions, the fluvial-deltaic system 
would be transgressing eastward or regressing westward. 
This system may have persisted throughout the Paleo-
cene, and therefore be responsible for all the lignites in 
the Fort Union Group in North Dakota. Variations in non-
ligni tic sediments throughout the Group must then reflect 
the range of environments which dominated during periods 
when organic material was not accumulating. 
As lignite mining continues to expand in western 
North Dakota, it will be interesting to note if new 
exposures in the Kinneman Creek Interval are in agreement 
with the hypotheses proposed in this study. Further inves-
tigations in the Fort Union Group might include a detailed 
paleontological study of the lignites or a study of the 
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mineralogy of the lignites in the group and any correlation 
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APPENDICES 
APPENDIX A 
TEST HOLE LOGS 
' ' 
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The geologic logs which follow were drilled by the 
North Dakota Geological survey with the exception of well 
number 25, which was drilled by the Consolidation Coal Com-
pany. All measurements are given in feet; surface eleva-
tion, total depth, and depth from surface. The entire log 
description was not included when the depth of the well was 
much greater than the depth to the Hagel Lignite. complete 
logs may be obtained from the North Dakota Geological Sur-
vey files. !£!_ is the abbreviation for the Kinneman Creek 
Interval and the HL is the abbreviation for the Hagel Lig-
nite. 
Please refer to plate 1 for the locations of the 
test holes and the cross-sections of the study area. 
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WELL NUMBER 1 
LOCATION: Tl41N-R84W-02, ABB 
SURFACE ELEVATION: 2025 
DEPTH TO KCI: 28 
DEPTH TO HL: 80 
THICKNESS OF KCI: 52 ID. NUMBER: BN 76-362 














pebble loam, oxidized, yellow brown with some 
orange streaks 
bedrock, lignite 
silt, laminated, tan gray, partly oxidized 
very fine silty sand, gray with brownish 
streaks 
clayey silt, gray 
very silty, very fine sand, gray 
smooth clay, gray 
lignite 
smooth clay, gray 
clayey silt, gray 
very fine silty sand with interbedded silty 
clay, gray 
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WELL NUMBER 2 · 
LOCATION: Tl41N-R84W-03, DDA 
SURFACE ELEVATION: 2064* 
DEPTH TO KCI: 38 
DEPTH TO HL: 80 
THICKNESS OF KCI: 42 ID. NUMBER: BN 76-363 















pebble loam, oxidized, buff 
bedrock, silty clay, yellow brown, oxidized 
silty clay, gray brown to brown 
lignite 
silty clay, gray 
fine to very fine silty sand, gray 
very fine grained sandstone, white gray, 
caco3 cement 
·clayey silt interbedded with very fine silty 
sand, gray 
silty clay, gray 
carbonaceous clay, very dark gray brown 
silty clay, gray 
silt interbedded with very fine sand, gray 
*ESTIMATED SURFACE ELEVATION 
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WELL NUMBER 3 
LOCATION: Tl41N-R84W-03, BBB 
SURFACE ELEVATION: 2120 
DEPTH TO KCI: 32.5 
DEPTH TO BL: 68.5 
THICKNESS OF KCI: 36 ID. NUMBER: BN 76-364 













topsoil, sandy silt, organic 
bedrock, fine sand 
lignite 
smooth clay, blue gray 
very fine silty sand, gray 
clayey silt, gray 
clay, gray to brown gray 
carbonaceous clay, brown, includes thin lig-
·nite stringers 
silty clay and clayey silt, gray, interbedded 
lignite 
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WELL NUMBER 4 
LOCATION: Tl42N-R84W-23, CCCC 
SURFACE ELEVATION: 2039 
ID.'NUMBER: BN 76-360 
TOTAL DEPTH: 300 
DESCRIPTION 
DEPTH TO KCI: 4 
DEPTH TO HL: 34.5 
THICKNESS OF KCI: 30.5 
DEPTH 
0-4 topsoil, clayey silt, black, organic 
4-8 bedrock, very fine silty sand, brown, li111ey 





very fine silty sand, light gray, unoxidized 
silty clay, medium gray 
lignite 
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WELL NUMBER 5 
LOCATION: Tl42N-R84W-24, CBDC 
SURFACE ELEVATION: 2037 
DEPTH TO KCI: 25 
DEPTH TO BL: 57.5 
THICKNESS OF KCI: 32.5 ID. NUMBER: BN 76-346 




topsoil, clayey silt, dark brown, organic 
2-5 very fine silty sand, tan brown 
5-7 pebble loam, tan brown, pebbly till 








very fine to fine sand, tan 
lignite 
silty clay, blue gray 
clayey silt and silty clay interbedded, dark 
gray 
fine sand, medium gray 
very fine silty sand with siltstone stringer 
at 56, tan gray 
lignite 
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WELL NUMBER 6 . 
LOCATION: Tl42-R84W-25, BBBB 
SURFACE ELEVATION: 2060 
DEPTH TO KCI: 29 
DEPTH TO HL: 76 
THICKNESS OF KCI ! 47 ID. NUMBER: BN 76-379 


















silt grading to very fine sand, tan to yellow 
brown 
silty carbonaceous clay, dark gray to brown 
lignite 
slightly silty carbonaceous clay, dark gray 
to gray brown 
very fine silt to clayey silt(?) poor sample 
return 
· slightly clayey silt to very fine sand, 
medium gray 
limestone, medium gray 
silt to very fine sand, medium gray, coarsens 
downward 
loose sand, dark to medium gray 
silt to very fine sand, slightly clayey, 
medium gray 
clayey carbonaceous silt, gray brown to brown 
lignite 
slightly carbonaceous clay, medium gray 
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WELL NUMBER 7 
LOCATION: Tl42N-R84W-26, BBB 
SURFACE ELEVATION: 2082 
DEPTH TO KCI: 66 
DEPTH TO BL: 102.5 
THICKNESS OF KC!: 36.5 ID. NUMBER: BN 76-371 


















bedrock, very fine silty sand, yellow brown 
very fine silty slightly carbonaceous sand, 
brown 
very fine sand, gray 
silty clay interbedded with clayey silt, gray 
lignite 
clay, blue gray 
coarse silt with so111e very fine sand, gray 
siltstone, light gray 
fine sand, gray 
clay, dark gray 
lignite 
silty clay, blue gray 
very fine silty sand, light gray 




WELL NUMBER 8 
LOCATION: T142N-R84W-27, CCC 
SURFACE ELEVATION: 2135 
ID. NUMBER: BN 76-367 
DEPTH TO KCI: 86 
DEPTH TO HL: 122 
THICKNESS OF KCI: 36 









topsoil, silty sand, dark brown, organic 
sandy pebble loam, buff, oxidized 
bedrock, very fine silty sand, light gray to 
yellow tan 
well sorted fine sand, tan to light brown to 
medium brown, slightly carbonaceous from 
55-62 
lignite 
very fine sand, gray, some green gray clay 
stringers 
95-100 fine sand, gray 
100-105 silty clay and silt interbedded, gray 
105-115 very fine silty sand, gray 
115-121 fine sand, gray 
121-122 silty clay, medium gray 
122-128.5 lignite 
128.5-129.5 clay, gray 
129.5-130 lignite 
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WELL NUMBER 9 
LOCATION: Tl42N-R84W-28, DCC 
SURFACE ELEVATION: 2111 
DEPTH TO KCI: 72 
DEPTH TO BL: 98.5 
THICKNESS OF KCI: 26.S ID. NUMBER: BN 76-366 





















topsoil, clayey silt, dark brown, organic 
bedrock, highly calcareous silt, white brown 
very fine silty sand, yellow buff 
very fine sand, yellow buff 
silt, tan, dark brown carbonaceous sand 
included 
silty clay, gray brown, FeO concretions 
included 
lignite 
clay, medium gray 
silt, gray 
very fine silty sand 
silty clay, gray 
very fine silty sand, gray 
very fine sand, light gray 
very fine silty sand, light gray 
silty clay, gray 
lignite 
clay, dark gray 
lignite, dark brown carbonaceous clay in-
cluded· 
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WELL NUMBER 9 continued 
DEPTH DESCRIPTION 
69-71.5 clay, dark green gray 
71.5-72 lignite 
72-75 silty clay, gray 
75-88 very fine silty sand, light gray 
88-98.5 silty clay with clayey silt included, medium 
gray 
98.5-99 lignite 
' 99-99.5 carbonaceous clay. gray brown _} 
99.5-110 lignite 
110-112 clay, green gray 
112-115 lignite 
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WELL NUMBER 10 
LOCATION: Tl42N-RB4W-33, AADD 
SURFACE ELEVATION: 2095 
DEPTH TO KCI: 67 
DEPTH TO HL: 99.5 
THICKNESS OF KCI: 32.5 ID. NUMBER: BN 76-368 




topsoil, clayey silt, black, organic 













bedrock, well sorted fine sand, yellow, oxi-
dized 
very fine silty slightly carbonaceous sand, 
brown, some FeO orange concretions included 
fine sand, gray, unoxidized 
lignite 
clay, dark gray 
lignite 
silty clay, gray 
very fine silty sand, light gray, some minor 
silty clay stringers 
clayey silt, gray 




WELL lll'OMBER ll 
LOCATION: Tl42N-R84W-33, CCCD 
SURFACE ELEVATION: 2116 
DEPTH TO KCI: 42 
DEPTH TO HL: 75 
THICKNESS OF KCI: 33 ID. lll'OMBER: BN 76-365 





topsoil, silty clay, dark brown, organic 
bedrock, silty highly calcareous clay, white 
gray 
5-10 silty clay and silt interbedded, tan gray, 











well sorted fine sand, yellow to orange 
yellow 
very fine silty sand with minor silty clay 
stringers, light brown 
lignite 
clay, gray brown to gray 
silty clay and clayey silt interbedded, 
medium gray 
very fine highly silty sand, medium gray 
lignite 




WELL NUMBER 12 
LOCATION: T142N-R84W-34, DDDD 
SURFACE ELEVATION: 2107 
DEPTB TO KCI: 36 
DEPTH TO HL: 89.5 
THICKNESS OF KCI: 53.5 ID. NUMBER: BN 76-370 





topsoil, clayey silt, dark brown, organic 
very fine silty sand, yellow tan 
3-15 bedrock, silty clay, gray brown, interbedded 
with clayey silt, brown to orange brown, con-














siltstone, light tan, Caco3 cement 
very fine silty sand, brown with orange FeO 
silty concretionary stringers 




clay, blue gray 
very fine silty sand with occasional clayey 
silt stringers from 54-64, gray 
coarse silt with included very fine sand, 
gray 
silty clay, gray 




WELL NUMBER 13 
LOCATION: Tl42N-R84W-35, BBB 
SURFACE ELEVATION: 2095 
DEPTH TO KCI: 62.5 
DEPTH TO HL: 104 
THICKNESS OF KCI: 41.5 ID. NUMBER: BN 76-361 
TOTAL DEPTH: 120 
DEPTH DESCRIPTION 
0-2 topsoil, pebble loam, dark brown, organic 
2-4 till, highly calcareous pebble loam, ash gray 
















bedrock, fine sand, yellow brown, caco3 cemented sandstone from 14-15 
very fine silty sand, yellow brown with FeO 
specks 
very fine silty sand, brown, slightly car-
bonaceous 
· very fine sand, gray brown with minor FeO 
specks 




clay, dark gray 
clayey silt 
very fine very silty sand, light gray 
smooth clay, dark gray 
limestone, light gray 
silty clay and clayey silt interbedded, gray 
smooth clay, gray 
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118.5-120 clay, gray 
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WELL NUMBER 14. 
LOCATION: Tl42N-R84W-36, BBC 
SURFACE ELEVATION: 2088 
DEPTH TO KCI: 76 
DEPTH TO HL: 113 
THICKNESS OF KCI: 37 ID. NUMBER: BN 76-300 
















bedrock, very fine silty sand, yellow, oxi-
dized 
very fine sand, yellow buff, becoming quite 
clayey from 15-20 
silt, light yellow gray 
clayey silt, buff, some reddish brown streaks 
very silty clay, light gray 
slightly clayey silt, medium gray 
silty clay, gray 
clay, dark gray 
lignite 
clay, dark gray grading down to light gray 
silty clay grading into clayey silt, medium 
gray, with very fine sand 103-113 
lignite 
sticky clay, dark gray 
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WELL NUMBER 15 
LOCATION: Tl43N-R83W-08, ADDO 
SURFACE ELEVATION: 1940 
DEPTH TO KCI: 60 
DEPTH TO RL: 84 
THICKNESS OF KCl: 34 ID. NUMBER: CC-3G 
























till, sandy silt, yellow brown, pebbly 
till, sandy, dark yellow brown 
bedrock, clay, dark yellow brown 
lignite 
clay, gray olive 
lignite 
clay, olive 
very fine grained silty sand, olive gray 
clayey silt, olive brown 
clay, light olive brown 
clay, gray 
lignite 
silt, light gray, poor samples 
very fine grained to fine sand, light gray, 
poor samples 
clay, light gray 
clay, light green 
lignite 
clay, light green 
silt, light gray 
lignite 
clay, dark brown 
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WELL NUMBER 16 
LOCATION: Tl43N-R93W-20, AAAA 
SURFACE ELEVATION: 2035 
DEPTH TO KCI: 74 
DEPTH TO HL: 143 
THICKNESS OF KCI: 69 ID. NUMBER: CC-160 




topsoil, sandy pebbly silt, light yellow 
brown 



















till, sandy, olive brown 
till, sandy, lignitic, olive brown 
till, sandy, shaley, dark gray 
bedrock, limey clay, dark gray 
lignite 
clay, light gray 
fine to very fine sand, light gray 
clay, dark brown 
fine to very fine sand, light gray 
limey silt, gray 
fine to very fine sand, light gray 
clayey silt, gray 
clay, gray 
sand, light gray 
limestone, light gray 
clayey limey silt, light gray 
lignite 
clay, dark brown 
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fine to very fine sand, light gray 
limey silt, dark gray 
clay, gray 
fine to very fine sand, light gray 
clay, dark gray 
sandy silt, dark olive gray 




WELL NUMBER 17 
LOCATION: Tl43N-R83W-20, CBBB 
SURFACE ELEVATION: 2075 
ID. NUMBER: CC-G 
TOTAL DEPTH: 220 
DEPTH DESCRIPTION 
DEPTH TO KC!: 72 
DEPTH TO HL: 97 











fine to medium pebbly sand, yellow 
till, pebbly, yellow 
108-113 
113-115 
bedrock, silty limey clay, yellow 
silty limey sand, gray 
lignite 
silty clay, gray 
silty limey clay, gray 
limestone, gray 
clayey limey silt, gray 
lignite 
silty clay, olive 
lignite 
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WELL NUMBER 18 
LOCATION: Tl43N-R83W-20, DDDD 
SURFACE ELEVATION: 2180 
DEPTH TO KCI: 196 
DEPTH TO BL: 216 
THICKNESS OF KCI: 20 ID. NUMBER: CC-17G 























till, sandy lignitic, olive brown 
till, silty, dark yellow brown 
bedrock, clay, olive brown 
lignite 
clay, olive brown 
silt, olive brown 
fine sand, olive brown 
clay, orange brown to olive brown 
sand, olive brown 
clay, olive brown to olive gray 
clay, bright orange brown 
clay, dark gray to olive brown 
lignite 
clay, olive gray to brown gray 
clayey silt, green 
silty sand, olive brown 
clayey silt, green 
fine to medium sand, olive gray to olive 
brown 
silt, clayey from 80-83, light gray green 
lignite 
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WELL NUMBER 18 continued 
DEPTH DESCRIPTION 
87-90 clayey silt, green 
90-100 no samples 
100-113 clayey silt, light green 
113-133 clay, light olive brown to brown to olive 
gray 
133-154 clayey limey silt, olive gray 
154-155 sandy silt, dark gray 
155-157 silty sand, dark gray 
157-162 fine to very fine sandstone, white to light 
gray 
162-180 clay, gray 
180-190 very fine to fine sand, light gray 
190-191 silty sand, light gray 
191-196 lignite 
196-202 clay, dark brown to light gray 
202-203 silty sand, light gray 
203-216 limey silt, dark gray 
' 
216-222 lignite 




WELL NUMBER 19 
LOCATION: Tl43N-R83W-22, BBBB 
SURFACE ELEVATION: 2004 
ID. NUMBER: CC-5G 
DEPTH TO KCI: 91 
DEPTH TO BL: 124 
THICKNESS OF KC!: 33 
TOTAL DEPTH: 180 
DEPTH DESCRIPTION 
0-5 topsoil, silty limey sand, yellow gray 
5-28, till, pebbly limey, yellow gray 
28-36 bedrock, sandy limey silt, gray 
36-38 silty limey clay, gray 
38-40 silty limey sand, green 
40-46 silty limey clay, gray to brown 
46-55 lignite 
55-57 silty clay, gray 
57-58 lignite 
58-64 silty clay, gray 
64-67 sandy silt, green 
67-70 lignite 
70-73 silty clay, gray 
73-75 silty limey sand, green 
75-78 sandy silt, green 
78-89 silty limey clay, gray 
89-91 lignite 
91-115 silty clay, gray 
115-117 sandy silt, green 
117-124 silty clay, green 
124-128 lignite 
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WELL NUMBER 20 
LOCATION: Tl43N-R83W-22, BCCC 
SURFACE ELEVATION: 2030 
DEPTH TO KCI: 103 
DEPTH TO HL: 129 
THICKNESS OF KCI: 26 ID. NUMBER: CC-18G 






















topsoil, silty pebbly sand, dark yellow brown 
pebbly lignitic sand, dark yellow brown 
silty pebbly sand, dark brown to yellow brown 
till, sandy, yellow brown to dark yellow 
brown 
till, sandy, pebbly, olive brown 
sandy lignitic gravel, dark yellow brown 
till, sandy, pebbly, olive brown to dark gray 
sandy lignitic gravel, dark gray 
till, lignitic, silty pebbly, dark olive 
brown 
bedrock, limey silt, light gray 
fine sand, light gray 
limey clay, light gray 
fine sand, light gray 
limey clay, light gray 
clay, dark olive brown 
lignite (gamma log indicates lignite is 
4 feet thick) 
clay, dark olive brown 
clayey limey silt, dark olive brown 
fine sand, light olive gray 
·' 
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WELL NUMBER 21 
LOCATION: Tl43N-R85W-14, BAAA 
SURFACE ELEVATION: 2065 
ID, NUMBER: CC-9G 
TOTAL DEPTH: 220 
DEPTH DESCRIPTION 
0-10 pebbly sand, yellow 
10-15 till, pebbly, yellow 
15-16 lignite 
16-23 clayey silt, white 
DEPTH TO KCI: 172 
DEPTH TO HL: 211 
THICKNESS OF KCI: 39 
23-37 silty clay, green to orange to olive 
37-45 clay, gray to dark gray 
45-50 clayey silt, gray 
50-77 fine to medium silty sand, gray 
77-78 limey sand, white 
78-95 silty sand, gray green 
95-108 clay, gray 
108-112 clayey sandy silt, gray 
112-139 silty clay, gray to brown 
139-142 lignite 
142-167 silty clay, gray 
167-172 lignite 
172-177 silty clay, yellow gray 
177-180 clay, gray 
180-184 fine silty sand, gray 
184-202 silt, gray 
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silty clay, gray 
lignite 
silty clay, gray 
104 
WELL NUMBER 22 
LOCATION: Tl43N-R85W-14, CDDD 
SURFACE ELEVATION: 2105 
DEPTH TO KCI: 187 
DEPTH TO HL: 232 
THICKNESS OF KCI: 45 ID. NUMBER: CC-14G 





















fine to medium pebbly sand, yellow gray 
no samples 
fine to medium silty pebbly sand, white 
no samples 
fine silty pebbly sand, white 
bedrock, fine silty sand, yellow 
no samples 
fine silty sand, yellow 
f.ine to medium silty limey sand, gray to 
yellow 
fine sand, gray 
no samples 
limey sand, gray 
silty clay, gray 
sandy silt, gray 
silty sand, gray 
lignite 
sandy silty clay, 
lignite 





WELL NUMBER 22 continued 
DEPTH DESCRIPTION 
187-193 sandy silty clay, gray 
193--204 sandy silt, gray 
204-217 silty clay, gray 
217-232 clayey sandy silt, gray 
232-236 lignite 
236-252 silty clay, olive 
252-260 sandy silt, olive 
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WELL NUMBER 23 
LOCATION: T143N-R85W-18, DODD 
SURFACE ELEVATION: 2240 
DEPTH TO KCI: 325 
DEPTH TO HL: 390 
THICKNESS OF KCI: 65 ID. NUMBER: G169-61 























till, sandy, brown, oxidized 
till, sandy to gravelly, brown, oxidized 
bedrock, clayey feiable sand, red brown, oxi-
dized 
silty clay, dark gray 
lignite 
clayey silt, green gray 
clayey silty sand, green gray 
silty clay, gray 
lignite 
silty to sandy clay, gray 
clayey sand, gray 
silty to sandy clay, gray 
lignite 
clayey sand, gray 
clay, gray 
sandy silty clay, gray 
silty sandy clay, gray 
fine clayey sand, gray 
lignite 
silty clay, green gray to gray 
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silty to sandy clay, green gray 
silty to sandy clay, gray 
clayey silt, gray 
fine sand, gray 
lignite interbedded with clay, brown gray to 
gray 
silty to sandy clay, gray 
clayey sand, green gray 
lignite interbedded with clay, gray 
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WELL NUMBER 24 
LOCATION: Tl44N-R84W-ll, CBB 
SURFACE ELEVATION: 1897 
DEPTH TO KCI: 24.6 
DEPTH TO HL: 69 
THICKNESS OF KCI: 44.5 ID. NUMBER: F.M.B. 14 



















bedrock, very fine sand, yellow brown, FeO 
concretions 
silty clay, gray brown 
carbonaceous clay, purple brown, orange con-
cretion bands 
clay, medium gray, fossil plant fragments 
abundant 
lignite 
silty clay, gray brown, FeO concretions in-
cluded 
lignite 
carbonaceous clay, chocolate brown 
clay, light tan gray, oxidized, fossil plant 
fragments common 
very fine silty sand, light gray tan, well 
sorted, laminated 
clayey silt, gray brown with orange bands 
lignite with 3 inch clay parting near top of 
unit 
clay, light gray, abundant plant fragments 
included 
silty clay, gray brown, FeO concretion bands 
and fossil plant fragments present 
clay, yellow gray {dry), olive gray {wet) 
very fine silty sand, tan brown with orange 
bands 
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silty clay, gray brown with orange FeO con-
cretion bands 
clay, tan to medium gray 
clayey silt interbedded with laminated coarse 
silt, gray brown 
clay, light gray 
lignite, some carbonaceous clay included 
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WELL NUMBER 25 
LOCATION: Tl44N-R84W-30, ADA 
SURFACE ELEVATION: 1995 
DEPTH TO KCI: 121 
DEPTH TO HL: 143 
THICKNESS OF KCI: 22 ID. NUMBER: GB 





















very coarse gravel 
bedrock, clay, dark gray 
sand, blue gray 
clay with interbedded organic stringers, 
yellow brown to green gray 
sandy laminated clay. dark gray 
lignite 
,clay, medium gray 
lignite 
clay, dark gray 
lignite interbedded with clay 
clay, dark gray 
lignite 
sandy clay, medium gray 
silty sand, blue gray 
lignite 
sandy clay, blue gray 
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WELL NUMBER 26 
LOCATION: Tl44N-R85W-08, DDDD 
SURFACE ELEVATION: 1845 
DEPTH TO KC!: surface 
DEPTH TO HL: 34 
THICKNESS OF KCI: 34 ID. NUMBER: CC-lG 








bedrock, fine sand, dark brown 
fine pebbly sand, dark brown 
fine to very fine sand, light gray 
clay, light gray to white 
lignite 
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WELL NUMBER 27 
LOCATION: Tl44N-R85W-28, ABB 
SURFACE ELEVATION: 2000 
DEPTH TO KCI: 139 
DEPTH TO HL: 202 
THICKNESS OF KCI: 63 ID. NUMBER: Gl69-60 
















till, sandy to gravelly, brown to brown gray 
till, sandy, brown gray to dark gray 
bedrock, clay, gray to dark gray 
silty clay, dark gray to gray 
very clayey sand, light gray 
clay, dark gray to blue gray 
clay, gray to black, with some interbedded 
lignite 
clay, gray, with interbedded lignite 
clayey and silty sand, gray, very friable 
clay, gray to dark gray 
sandy to silty clay, gray 
silty clay with lignite, gray 
lignite interbedded with gray clay 
< 
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WELL NUMBER 28 
LOCATION: Tl45N-R82W-04, AAD 
SURFACE ELEVATION: 1958 
ID. NUMBER: UW 355 
TOTAL DEPTH: 60 
DEPTH DESCRIPTION 
DEPTH TO KCI: 2 
DEPTH TO HL: 14 
THICKNESS OF KC!: incom-
plete section 
0-2 topsoil, clayey pebble loam, buff 
2-11 bedrock, silty clay, buff 






WELL NUMBER 29 
LOCATION: Tl45N-R82W-04, ACC 
SURFACE ELEVATION: 1952 
DEPTH TO KCI: 5 
DEPTH TO HL: 8 
ID. NUMBER: UW 358 THICKNESS OF KCI: incom-




topsoil, calcareous pebble 
oxidized 
loam, buff, 
5-10 bedrock, silty clay, buff, oxidized, with 





lignite with chocolate brown clay at 14 feet 
clay, blue gray 





WELL NUMBER 30. 
LOCATION: Tl45N-R82W-04, DAA 
SURFACE ELEVATION: 1978 
ID. NUMBER: UW 365 
TOTAL DEPTH: 60 
DEPTH DESCRIPTION 
0-18 till 










53-60 no samples or log 
DEPTH TO KCI: 18 
DEPTH TO BL: 26 
THICKNESS OF KCI: incom-
plete section 
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WELL NUMBER 31 
LOCATION: Tl45N-R82W-04, DAC 
SURFACE ELEVATION: 1950 
DEPTH TO KCI: 7 
DEPTH TO HL: 16 
THICKNESS OF KCI: incom-ID. NUMBER: UW 359 




topsoil, pebbly loam, dark brown at surface, 
caliche zone at 3 feet 







lignite (may be a thin clay parting included) 
non-calcareous silty clay, gray tan, slightly 
oxidized 
very calcareous silty clay, light gray with 
light tan mottling 
shale 
·lignite 
calcareous silty clay, light gray to medium 
gray 
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WELL NUMBER 31 
LOCATION: Tl45N-R82W-04, DAC 
SURFACE ELEVATION: 1950 
DEPTH TO KCI: 7 
DEPTH TO HL: 16 
THICKNESS OF KCI: incom-ID. NUMBER: UW 359 




topsoil, pebbly loam, dark brown at surface, 
caliche zone at 3 feet 







lignite (may be a thin clay parting included) 
non-calcareous silty clay, gray tan, slightly 
oxidized 
very calcareous silty clay, light gray with 
light tan mottling 
shale 
lignite 
















WELL NUMBER 32 
LOCATION: Tl45N-R82W-05, BDD 
SURFACE ELEVATION: 1965 
ID. NUMBER: UW 504 
TOTAL DEPTH: 75 
DESCRIPTION 
DEPTH TO KCI: 12 
DEPTH TO HL: 16.5 







till, pebble loam, medium to dark brown 
bedrock, sand, light brown 





WELL NUMBER 33 
LOCATION: Tl45N-R82W-06, AAA 
SURFACE ELEVATION: 2008 
ID. NUMBER: UW 511 
TOTAL DEPTH: 120 
DEPTH DESCRIPTION 
0-52 till, pebble loam 
52-56 bedrock, sand 
56-64 silty sand 
64-65 concretions 
65-69.5 silty sand 
69.5-71 concretions 
71-74 silty sand 
74-75 concretions 
75-77 silty sand 
77-78.5 sand 




90-94. 5 lignite 
DEPTH TO KCI: 52 
DEPTH TO HL: 82.5 
THICKNESS OF KCI: incom-
plete section 
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WELL NUMBER 34 
LOCATION: Tl45N-R82W-06, ABBB 
SURFACE ELEVATION: 1995 
ID. NUMBER: UW 510 
TOTAL DEPTH: 120 
DEPTH DESCRIPTION 
0-50.5 till, pebble loam 
50.5-82.5 bedrock, silty sand 





DEPTH TO KC!: 50.5 
DEPTH TO HL: 85.5 









WELL NUMBER 35 
LOCATION: Tl45N-R82W-06, ADD 
SURFACE ELEVATION: 1956 
DEPTH TO KCI: 10 
DEPTH TO BL: 26 
THICKNESS OF KC!: incom-ID. NUMBER: UW 503 












topsoil, silt and clay, organic 
till, coarse sand and gravel, mostly carbon-
ate rocks 
till, sandy pebble loam, yellow brown 
bedrock, silty clay, yellow brown 






WELL NUMBER 36 
LOCATION: Tl45N-R82W-06, BCB 
SURFACE ELEVATION: 1945 
DEPTH TO KCI: 13 
DEPTH TO HL: 37 
THICKNESS OF KCI: incom-ID. NUMBER: UW 502 












topsoil, organic material, dark brown 
till, pebble loam, light brown 
coarse to medium to fine sand, light brown 









WELL NUMBER 37 
LOCATION: Tl45N-R83W-13, BCC 
SURFACE ELEVATION: 1934 
ID. NUMBER: UW 348 
TOTAL DEPTH: 180 
DESCRIPTION 
DEPTH TO KCI: 2 
DEPTH TO HL: 13 
THICKNESS OF KCI: incom-
plete section 
DEPTH 
0-2 till, calcareous pebble loam, buff 

















WELL NUMBER 38 
LOCATION: Tl45N-R83W-16, DDD 
SURFACE ELEVATION: 1990 
DEPTH TO KCI: 43 
DEPTH TO HL: 87 
THICKNESS OF KCI: 44 ID. NUMBER: UW 350 















till, pebble loam, buff, oxidized 
bedrock, silty clay, dark gray brown to 
yellow brown 
clayey silt, yellow brown, orange concretions 
included 
clayey silt, yellow brown to gray 
lignite 
silty clay, gray 
lignite 
silt, light gray 
very fine sand, light gray, dark gray clay 
layers included 
lignite 





WELL NUMBER 3.9 
LOCATION: Tl45N-R83W-23, BBB 
SURFACE ELEVATION: 2004 
DEPTH TO KCI: 39 
DEPTH TO BL: 72 
THICKNESS OF KCI: 33 ID. NUMBER: UW 349 



















till, stony loam, calcareous, dark brown to 
buff 
silty calcareous clay, mottled buff and 
orange 
lignite and •iark carbonaceous material 
slightly silty non-calcareous clay, gray to 
green 
lignite 
silty clay and silt interbedded, gray, non-
calcareous some FeO staining 
calcareous silt, light gray 
clay, tan 
lignite 
silty clay, gray, non-calcareous 
calcareous silt, light gray, cemented layers 
of coarse silt at 42-44 feet, occasional 
light orange clay lump in cuttings 
silt and very fine sand, light gray 
clayey silt, light gray 
lignite 




WELL NUMBER 40 
LOCATION: Tl45N-R83W-29, AAA 
SURFACE ELEVATION: 1983 
DEPTH TO KCI: 22 
DEPTH TO HL: 80 
THICKNESS OF KCI: 58 ID. NUMBER: UW 352 
















till, stony loam, oxidized, buff, gravel 
layer at 6 feet 
lignite 
clayey silt, tan 
silty clay, tan to light gray, silt layers at 
32 and 37 feet 
limestone, dark gray 
silty clay, light gray 
silt with minor clay, medium gray 
silt with minor clay and very fine sand, 
medium gray 
silty clay, tan gray to brown gray 
lignite 
clayey silt, gray 








































"' w "-' w >-




"' "' <C "' "' 
"' 0 "' 
133:l 
- "' N 
'£ 'ON 113• 
} 
8£ 'ON 
"' on ·o, 11a. C) .... .. 
















I w z z 
>< 











" ::, = ~_, 
< > 






"' .'! u, 
"' "" '2 
a ·o, .,-, 3~ 
"' -
ll 'ON 113" 
' ' 





Allen, J. R. L., 1965, A review of the origin and charac-
teristics of recent alluvial sediments: Sedimen-
tology, v. 5, no. 2, p. 91-191. 
Allen, J. R. L., 1977, Physical processes of sedimentation 
(4th ed.): London, George Allen and Unwin Ltd., 
248p. 
Banerjee, Indranil, 1966, Turbidites in a glacial sequence: 
A study for the Talchir Formation, Raniganj Coal-
field, India: Journal of Geology, v. 74, no. 5, 
p. 593-606. 
Banerjee, Indranil, 1973, Sedimentology of 
glacial varves in Ontario: Canadian 
Survey Bulletin, v. 226, Part A, p. 1-44. 
pleistocene 
Geological 
Banerjee, Indranil, 1977, Experimental study on the effect 
of deceleration on the vertical sequence of sedimen-
tary structures in silty sediments: Journal of 
Sedimentary Petrology, v. 47, no. 2, p. 771-783. 
Beaumont, Edward A., 1979, Depositional environments of 
Fort Union sediments (Tertiary northwest Colorado) 
and their relation to coal: American Association of 
Petroleum Geologists Bulletin, v. 63, no. 2, 
p. 194-217. 
Bell, Hugh Stevens, 1942, Density currents as agents for 
transporting sediments: Journal of Geology, v. 50, 
p. 512-547. 
Blatt, Harvey, Middleton, Gerard, and Murray, Raymond, 
1972, Origin of sedimentary rocks: Englewood 
Cliffs, New Jersey, Prentice Hall, Inc., 634p. 
Brekke, David W. , 1979, Mineralogy and chemistry of clay-
rich sediments in the contact zone of the Bullion 
Creek and Sentinel Butte Formations (Paleocene), 
Billings County, North Dakota: University of North 
Dakota, unpublished masters thesis, 94p. 
Brown, L. F., Jr. 1969, Geometry and distribution of 
fluvial and deltaic sandstones (Pennsylvanian and 
Permian), north central Texas: Transactions Gulf 
Coast Association of Geological Societies, Winter, 
Stephen S., editor, v. 19, p. 23-47. 
133 
134 
Carlson, C. G., 1973, Geology of Mercer and Oliver coun-
ties, North Dakota, North Dakota Geological Survey 
Bulletin, v. 56, part I, p. 26-28. · 
Chervin, V. B., 1978, Fluvial and deltaic facies in the 
Sentinel Butte Formation, central Williston Basin: 
Journal of Sedimentary Petrology, v. 48, no. l, 
p. 159-170. 
Clayton, Lee, 1978, personal communication, Wisconsin Geo-
logical survey, Madison, Wisconsin. 
Clayton, Lee, Carlson, C. G., Moore, W. L., Groenewold, 
G. H., Holland, F. D., Jr., and Moran, s. R., 1977, 
The Slope (Paleocene) and Bullion Creek (Paleocene) 
Formations of North Dakota: North Dakota Geological 
survey Report of Investigation 59, 14p. 
Collinson, J. D., 1978, Vertical sequence and sand body 
shape in alluvial sequences: Canadian Society of 
Petroleum Geologists Memoir 5, Fluvial Sedimentol-
ogy, p. 577-586. 
Emanuel, Richard, Jacob, A. F., and Karner, F. R., 1976, 
Mineralogy of the clay-size fraction of the Paleo-
cene Tongue River and Sentinel Butte Formations near 
Medora, North Dakota, Proceedings of the North 
Dakota Academy of Science, v. 28, pt. 2, p. 25-28. 
Erxleben, Albert W., 1975, Depositional systems in canyon 
Group (Pennsylvanian system), north central Texas: 
University of Texas, Bureau of Economic Geology, 
Report of Investigation 82, 76p. 
Ethridge, Frank G., and Schumm, Stanley A., 1978, Recon-
structing and paleochannel morphologic and flow 
characteristics: methodology, limitations, and 
assessment: Canadian Society of Petroleum Geolo-
gists Memoir 5, Fluvial Sedimentology, p. 703-721. 
Fisher, W. L., 1969, Facies characterization of Gulf Coast 
basin delta systems, with some holocene analogies: 
Transactions Gulf Coast Association of Geological 
Societies, Winter, Stephen s . , editor, v. 19, 
p. 239-261. 
Groenewold, Gerald H., 1981, persor,al communication, North 
Dakota Geological Survey, Gr~nd Forks, North Dakota. 
135 
Groenewold, Gerald H., Hemish, LeRoy A., Cherry, John A., 
Rerun, Bernd w. , Meyer, Gary N. , and Winczewski, 
Laram:i.e M., 1979, Geology and geohydrology of the 
Knife River Basin and adjacent areas of west-central 
North Dakota: North Dakota Geological survey Report 
of Investigation 64, 402p. 
Gustavson, Thomas C. , and Ashley, Gail M. , 1975, Deposi-
tional sequences in glaciolacustrine deltas: 
Society of Economic Paleontologists and Mineralo-
gists, Special Publication 23, Glaciofluvial and 
Glaciolacustrine Sedimentation, p. 264-280. 
Harms, J. C., Southard, J.B., Spearing, D. R., and Walker, 
R. G., 1975, Depositional environments as inter-
preted from primary sedimentary structures and 
stratification sequences: Society of Economic 
Paleontologists and Mineralogists Short Course 2, 
l6lp. 
Hemish, L. A., 1975, Stratigraphy of the upper part of the 
Fort Union Group in southwestern McLean County, 
North Dakota: University of North Dakota, unpub-
lished masters thesis, 160p. 
Horne, J. C. , Ferm, J. C. , Caruccio, F. T. , and Baganz, 
B. P., 1978, Depositional models in coal exploration 
and mine planning in Appalachian region: American 
Association of Petroleum Geologists Bulletin, v. 62, 
no. 12, p. 2379-2411. 
Jackson, Roscoe, G., II, 1978, Genesis of fluvial bedform 
[abs. J: Canadian Society of Petroleum Geologists 
Memoir 5, Fluvial Sedimentology, p. 852. 
Jacob, A. F., 1973, Depositional environments of Paleocene 
Tongue River Formation, western North Dakota: 
American Association of Petroleum Geologists Bulle-
tin 57, no. 6, p. 1038-1052. 
Jacob, A. F., 1975, Criteria for differentiation of the 
Tongue River and Sentinel Butte Formations {Paleo-
cene), North Dakota: North Dakota Geological survey 
Report of Investigation 53, 55p. 
Jacob, A. F., 1976, Stratigraphy and depositional environ-
ments of Paleocene deposits in the Husky Lignite 
Mine near Dickinson, North Dakota: North Dakota 
Academy of Science Proceedings, v. 28, pt. 2, 
p. 29-43. 
136 
Jopling, Alan V. , and Walker, Roger G. , 1968, Morphology 
and origin of ripple-drift cross-lamination, with 
examples from the Pleistocene of Massachusetts: 
Journal of Sedimentary Petrology, v. 38, no. 4, 
p. 971-984. 
Kaiser, W. R., 1974, Texas lignite: near surface and deep 
basin resources: University of Texas, Bureau of 
Economic Geology Report of Investigation 79, 70p. 
Kolb, c. R., and van Lopik, J. R., 1966, Depositional 
environments of the Mississippi River deltaic south-
eastern Louisiana: Deltas in their geologic frame-
work, Houston Geological Society, Shirley, M. L., 
editor, p. 17-61. 
Kuenen, P. H., 1951, Mechanics of varve formation and the 
action of turbidity currents: Geologiska Forening-
ens I Stockholm Forhandlinger, v. 73, p. 64-84. 
Moran, Stephen R., Groenewold, Gerald H., and Cherry, 
John A., 1978, Geologic, hydrologic, and geochemical 
concepts and techniques in overburden characteriza-
tion for mined land reclamation: North Dakota 
Geological survey Report of Investigation 63, 152p. 
Pettijohn, F. J., Potter, P. E., and Siever, R., 1972, Sand 
and sandstone: Berlin-Heidelberg-New York, 
Springer-Verlag, 618p. 
Pincus, Howard J., 1956, Some vector and arithmetic opera-
tions on two dimensional orientation variates, with 
applications to geologic data: Journal of Geology, 
v. 64, no. 6, p. 533-557. 
Rehbein, Edward A. , 1978, Depositional environments and 
lignite resources of the Fort Union Formation, 
west-central North Dakota: Montana Geological 
Survey Williston Basin Symposium, p. 295-305. 
Reineck, H. E., and Singh, I. 
mentary environments: 
Springer-Verlag, 439p. 
B., 1975, Depositional sedi-
Berlin-Heidelberg-New York, 
Royse, C. F., 1967, The Tongue River-Sentinel Butte contact 
in western North Dakota: North Dakota Geological 
Survey Report of Investigation 45, 53p. 
Royse, C. F., 1970, A sedimentologic analysis of the Tongue 
River-Sentinel Butte interval (Paleocene) of the 
Williston Basin, western North Dakota: Sedimentary 
Geology, v. 4, p. 19-80. 
137 
Royse, c. F. , Jr. , 1972, The Ton,;ue River and sentinel 
Butte Formations (Paleocene) of western Nor~h 
Dakota: A review, in Ting, F. T. c. (ed.), Deposi-
tional environments of the lignite-bearing strata in 
western North Dakota: North Dakota Geological 
Survey Miscellaneous series 50, p. 31-42. 
Stanley, K. o., 1974, Morphology and hydraulic significance 
o~ climbing ripples with superimposed micro-
ripple-drift cross-lamination in Lower Quaternary 
lake silts, Nebraska: Journal of sedimentary 
Petrology, v. 44, no. 2, p. 472-483. 
Sturm, Michael, and Matter, Albert, 1978, Turbidi tes and 
varves in Lake Briez (Switzerland): deposition of 
elastic debris by density currents: modern and 
ancient lake sediments: International Association 
of Sedimentologists, v. 2, p. 147-168. 
Walker, R. G. , 1963, Distinctive types 
cross-lamination: Sedimentology, 
p. 173-188. 
of ripple drift 
v. 2, no. 3, 
Westoll, T. s., 1968, Sedimentary rhythms in coal-bearing 
strata: Coal and coal-bearing strata: Murchison, 
Duncan, and Westoll, T. Stanley, eds., New York, 








'C' . ' 
' ' 
·-'l 








1 6 . , 
31 
J 
f6 ·~  -' ' 
~ ZQ . . -~ 
,,. 
' 
, . 
."., _, 
' 
83 
' 
"" 36 
l 
36 
' 
•311 
.. 
" 
~-.. 
J 
' 
-.,] 
-,1,· 
.. 
; 
Lo30""' ~si'.s 
> 
